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Abstract

Exact expressions for the available loss factor, noise factor, and
efficiency of a distributed linear transmission line are presented for
arbitrary mismatch of its source and load impedances to the line’s
characteristic impedance. Numerical results are given for a low-loss

coaxial line.

*This work was sponsored by the Electronic Systems Division, Air Force
Systems Command, Hanscom Air Force Base, Massachusetts.
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4 For a distributed linear transmission line (see figure 1) with a j{ﬁfﬁé
¥ 2
' matched source and load, the available loss factor £, noise factor f Qﬁg{ ‘
referenced to an arbitrary noise temperature Tref’ and efficiency n s .
are related and given by (1)-3) !

* KA

g =f=1/n exp(2ad); Z8 = ZL Zo, Tn = Tg ~Tref (1) b %
) D R
where Cayh e

e

a = line“s attenuation constant (nepers/m) NN

d = length of the line (m) R

[} »."-\“ i
y zg, ZL = impedances of the source and load, respectively (ohms) T,
Z = characteristic impedance of the line (ohms) 4 '

. Eoet
. Tg, T = ambient temperatures of the source impedance and line, %{f::gx
. AT .
respectively. \}i};?‘

The purpose of this letter is to give exact expressions and numerical
results of ¢, f, n for arbitrary mismatch of the source and load

impedances to the line”s characteristic impedance.

The available loss factor { of a passive linear two-port network

;f__f,;.."
is defined as‘!) PRS
:.“_-o‘, f,. 8
RNt
tar s11/802’ 1< 21 L= (2) .n.

where $i1 and 802 are the available powers at the input port 1 and
output port 2, respectively. The subscript 21 denotes that the input
port is port 1 and the output port is port 2. The available loss

factor % is a function of the source impedance and output impedance

21
(looking back at the input) but not its load impedance. Generally,

a'e e 6 s B 8

121 l12 unless 28 = 72 or the network is lossless (contains no

L
dissipative elements) in which case t21 = 212 = 1.
SR
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; RN
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For the transmission line of figure 1, £ is given by(h)

21

. exp(2ad){1l -Irglzexp(-éﬂd) —2[Im(Zo)/Re(Zo)]Im[rgexp(—ZYd)]I
21 T

1-1r 2_ Z[Im(Zo)/Re(Zo)]Imrg
(3)

where
Y =a + j8 = line"s propagation constant

rg = [(Zg/Zo) -1]/[(28/20) + 1] = voltage reflection coefficient

of signal generator

For Tg = 0, ﬁ21 = exp(2ad).

The line”s noise factor f is related to the line”“s available

. (2)
loss factor 21 y
= L - -
f=1++( 21 1)(Tn/Tref), Tg Tref %)
where Tn’ Tg’ Tref are defined in Eq. (1). For Tn = Ttef’ Eq. (4)
reduces to
= l = =
£ 21° Tn Tg Tref (5)
The line“s efficiency N is defined as(3)
a1 = Poa/Pyyr 0 &My L1 (6)

where Py and P,y are the net transmitted time-averaged powers at the
input port 1 and output port 2, respectively. The efficiency n21 is
a function of the load impedance and input impedance but not its

source impedance.
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[ For a sinusoidal excitation, the net transmitted time-averaged power
‘ p(x) at an arbitrary position x along the line is given by (3),05)
1 2 2, .5
p(x) = = G |V, | “exp(-2¢x){1 - IT_exp(2Yx)|° + 2 =2 (T exp(2Yx)]|
2 o '+ L G° L
¥ where ‘ 7
X
: V+ = complex voltage amplitude of the forward traveling wave at

x =0
L [(zL/zo) - 1]/[(zL/z°) + 1] = voltage reflection
coefficient of load
Re(l/zo)
Im(l/Zo)

-3
L}

-]
]

Noting that Bo/Go - - Im(Zo)/Re(Zo), Py = p(0), and Py, * p(-d), the
efficlency "21 is given by

1 - |I'Ll2 - 2[Im(Z°)/Re(Zo)]ImrL

) n,, = :
{ 21 exp(2ad) 1—IFL|2exp(-Aud) -Z[Im(zo)/Re(Zo)]Im[rLexp(—ZYd)]‘
) @
g For PL = 0, n21 = exp(-2ad).
3
: A comparison of Eq. (8) with Eq. (3) yields the results
th = Uy, )
212 - 1/n21 (10)

where "12 and 112 are the line”s efficlency and available loss

b factor, respectively, when the load Z, at port 2 is interchanged with

L
the source Zg' Eqs. (9) and (10) are valid for any linear,

reciprocal two-port network(6).
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For the conditions of Eq. (1), f = ‘21 = 112 = 2 and
Nyy ™ Mo = n. For such conditions, Eqs. (3), (4), and (9) reduce to
the results given by Eq. (1).

The effect of impedance mismatch upon the available loss factors
221 12 is shown in figure 2 for a 10m length of RG-58U 50 ohm
coaxial line at 30 MHz and ImI' = 0. The voltage reflection

or ¢

coefficient I = rg when computing 121 and 1 = rL when computing 2y,°
The available loss figure = 10 10g10(2210r 112) is increased by 3 dB
when ' 18 increased from 0 to approximately 0.8. The available loss
figure is increased by 10, 20, and 30 dB for |r| = 0.980, 0.998, and
0.9998, respectively.

The available loss figures of RG-58U line at 30 MHz for r = O,
0.9991, and 0.9991 exp (-j0.100) are 8 x 10-5 dB, 0.04 dB, and 1.5
dB, respectively, for a line length of 10-2m and 0.08 dB, 10.7 dB,
and 26.5 dB, respectively, for a line length of Im (see figure 3).
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AVAILABLE LOSS FIGURE, 10 LOG yq(f21 0r /45) (dB)
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Figure 3. Available Loss Figure Dependence Upon Line Length
@ =0
(b) I = 0.9991
(c) I" = 0.9991 exp(-j 0.100)
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